Adjuvant arthritis (AA) is induced by immunizing Lewis rats with Mycobacterium tuberculosis suspended in adjuvant. The mycobacterial 65-kDa heat shock protein (HSP65) contains at least one epitope associated with the pathogenesis of AA: T cell clones that recognize an epitope formed by aa 180 -188 of HSP65 react with self-cartilage and can adoptively transfer AA. Nevertheless, vaccination with HSP65 or some of its T cell epitopes can prevent AA by a mechanism that seems to involve cross-reactivity with the self-60-kDa HSP60. We recently demonstrated that DNA vaccination with the human hsp60 gene can inhibit AA. In the present work, we searched for regulatory epitopes using DNA vaccination with HSP60 gene fragments. We now report that specific HSP60 DNA fragments can serve as effective vaccines. Using overlapping HSP60 peptides, we identified a regulatory peptide (Hu3) that was specifically recognized by the T cells of DNA-vaccinated rats. Vaccination with Hu3, or transfer of splenocytes from Hu3-vaccinated rats, inhibited the development of AA. Vaccination with the mycobacterial homologue of Hu3 had no effect. Effective DNA or peptide vaccination was associated with enhanced T cell proliferation to a variety of disease-associated Ags, along with a Th2/3-like shift (down-regulation of IFN-␥ secretion and enhanced secretion of IL-10 and/or tumor growth factor ␤1) in response to peptide Mt176 -190 (the 180 -188 epitope of HSP65). The regulatory response to HSP60 or its Hu3 epitope included both Th1 (IFN-␥) and Th2/3 (IL-10/tumor growth factor ␤1) secretors. These results show that regulatory mechanisms can be activated by immunization with relevant self-HSP60 epitopes.
sequence necessary for protein translation. The plasmids were sequenced to confirm correct insertion of the cDNA and transcribed in vitro to check that they were functional (data not shown).
Plasmid DNA was prepared in large scale and injected after pretreatment with cardiotoxin (Sigma-Aldrich) as previously described (15) . Briefly, rats were vaccinated in the quadriceps three times (on days Ϫ40, Ϫ26, Ϫ12 relative to AA induction) with 150 g of pcDNA3, DNA vaccine encoding aa 1-140 of human HSP60 (pI), DNA vaccine encoding aa 130 -260 of human HSP60 (pII), DNA vaccine encoding aa 250 -410 of human HSP60 (pIII), DNA vaccine encoding aa 400 -470 of human HSP60 (pIV), or DNA vaccine encoding aa 460 -540 of human HSP60 (pV). Endotoxin levels were checked by Limulus amoebocyte lysate and found always to be under acceptable levels for in vivo use (Ͻ0.02 endotoxin U/g DNA). AA was induced 12 days after the last injection of DNA. The empty vector pcDNA3 was used as a DNA vaccination control.
AA induction and assessment
AA was induced as described (15) , using 1 mg per rat of heat-killed Mt strain H37Ra (Difco). Each experimental and control group contained at least eight rats. The day of AA induction was designated as day 0, and disease severity was assessed by direct observation of all four limbs in each animal. A relative score between 0 and 4 was assigned to each limb, based on the degree of joint inflammation, redness, and deformity; thus the maximum possible score for an individual animal was 16 (15) . The mean AA score (ϮSEM) is shown for each experimental group. Arthritis was also quantified by measuring hind limb diameter with a caliper. Measurements were taken on the day of the induction of AA and 26 days later (at the peak of AA); the results are presented as the mean Ϯ SEM of the difference between the two values for all the animals in each group. The person who scored the disease was blinded to the identity of the groups. Experiments were repeated at least three times and produced similar results.
T cell proliferation
Unless otherwise stated, T cell proliferation assays were performed at day 26 after the induction of AA, when the disease is at its peak, as previously described (15) . Briefly, popliteal and inguinal lymph node cells (LNC), were cultured in quadruplicates in 200-l round-bottom microtiter wells (Costar, Cambridge, MA) at 2 ϫ 10 5 cells per well with or without Ag. The T cell mitogen Con A was used as a positive control for T cell proliferation. Cultures were incubated for 96 h at 37°C in a humidified atmosphere of 5% CO 2 . T cell responses were detected by the incorporation of [methyl-3 H]thymidine (1 Ci/well; Amersham, Buckinghamshire, U.K.), which was added to the wells for the last 18 h. The stimulation index (SI) was computed as the ratio of the mean cpm of Ag-or mitogen-containing wells to control wells cultured with medium alone. The results of T cell proliferation experiments are shown as SI Ϯ SEM, T cell responses with SI Ͻ 2 were considered not significant.
Peptide vaccination
Female Lewis rats were immunized i.p. with a single dose of 100 g of peptide emulsified in IFA.
Transfer of cells
Spleen cells were prepared from peptide-vaccinated rats, either 7 days after peptide vaccination or 26 days after AA was induced following peptide vaccination. The splenocytes (10 7 cells per ml) were activated with 2.5 g/ml Con A for 48 h at 37°C in a humidified atmosphere of 5% CO 2 . The cells were washed with sterile PBS and injected i.v. into naive rats (5 ϫ 10 7 cells per rat). Three days after the transfer of the splenocytes, AA was induced.
Cytokine assays
Supernatants were collected after 72 h of stimulation with each of the Ags tested. Rat IL-10 and IFN-␥ were quantitated in culture supernatants by ELISA using an OPTEIA kit (BD PharMingen, San Diego, CA) as described (15) . Rat TGF␤1 was quantified using the TGF␤1 E max ImmunoAssay System (Promega) according to the manufacturer's instructions. Cytokine levels are expressed as picograms per milliliter based on calibration curves constructed using recombinant cytokines as standards. The lower limits of detection for the experiments described in this paper were 15 pg/ml for TGF␤1, IL-10, and IFN-␥.
Statistical significance
The InStat 2.01 program (Graph Pad Software, San Diego, CA) was used for statistical analysis. The Student t test and the Mann-Whitney U test were conducted to assay significant differences between the different experimental groups.
Results

HSP60 DNA fragments inhibit AA
We previously demonstrated that DNA vaccination with human HSP60 inhibited the development of AA (15) . To identify regions of HSP60 involved in the inhibition of AA by DNA vaccination, the cDNA corresponding to the human hsp60 gene was divided into five fragments, each with a 30-bp overlap, and each fragment was cloned into the pcDNA3 vector (Table II) . In this way, we generated five constructs corresponding to HSP60-derived fragments overlapping by 10 aa: pI, aa 1-140; pII, aa 130 -260; pIII, aa 250 -410, pIV, aa 400 -470, and pV, aa 460 -540 (Table II and data not shown). Lewis rats were vaccinated with one of the HSP60 fragment constructs or with pcDNA3 as a control, and AA was induced. Although all of the rats vaccinated with pI or pII developed AA, Fig. 1A shows that such vaccination induced significantly decreased arthritis compared with rats vaccinatedwith constructs pIII, pIV, or pV, or with control pcDNA3. The protective effect of vaccination with constructs pI and pII was also reflected by a significant reduction in ankle swelling (Fig. 1B) .
A regulatory HSP60 epitope
To learn whether the suppression of AA by DNA vaccination with pHSP60 (15), pI, or pII ( Fig. 1) was associated with T cell reactivity to a specific HSP60 peptide epitope, we studied the proliferation of LNC isolated from pHSP60-vaccinated rats 26 days after the induction of AA in response to a panel of overlapping peptides spanning the region of human HSP60 encoded by pI and pII (aa 1-275; Table I ). Controls were LNC prepared from rats Fig. 2A shows that only peptide Hu3 (aa 31-50 of human HSP60) induced a significant response in LNC taken from pHSP60-vaccinated rats; cells prepared from pHSP65 or pcDNA-vaccinated rats did not respond to Hu3. Note that in the 31-50 region rat and human HSP60 have the same amino acid sequence; thus Hu3 is a self-peptide (Table III) . We were unable to identify an HSP60 peptide that was specifically recognized by LNC taken from pII-immunized rats. Fig. 2B shows a dose-dependent proliferative response to Hu3 using LNC isolated from pHSP60-vaccinated rats. No significant responses to the control peptide Hu12 (aa 166 -185 of human HSP60) were detected.
To confirm these results, T cell proliferative responses were studied in LNC taken 26 days after the induction of AA from rats vaccinated with pI, pII, or pcDNA3. Fig. 2C shows that Hu3 triggered a significant proliferation of LNC taken from pI-immunized rats, but not of LNC from rats vaccinated with pII or pcDNA3. LNC from pI-vaccinated rats also showed some degree of T cell reactivity directed against the mycobacterial homologue of Hu3, termed Mt3. However, this Mt3-specific T cell response always had an SI Ͻ 2, and was therefore considered not significant. In summary, these results show that pHSP60-and pI-vaccinated rats manifested up-regulated T cell responses to the Hu3 peptide of HSP60.
Peptide Hu3 inhibits AA
We studied the immune effects of vaccination with Hu3 or its mycobacterial counterpart Mt3 (Table III) . Female Lewis rats were immunized with a single i.p. dose of 100 g of peptide in IFA, and 7 days later their LNC were prepared and the T cell responses to HSP65, Mt3, HSP60, and Hu3 were assessed. Fig. 3A shows that each peptide induced specific proliferative responses to itself. However, vaccination with Hu3 also induced significant proliferative responses to HSP60 and HSP65. The analysis of IFN-␥ and IL-10 secretion (Fig. 3 , B and C) revealed that vaccination with Hu3 induced Hu3-specific T cells that secreted IL-10 and traces of IFN-␥, but also T cells that secreted relatively larger amounts of IFN-␥ and IL-10 in response to HSP60 or HSP65. Moreover, Hu3 vaccination also induced IFN-␥-secreting T cells that cross-reacted with Mt3. In contrast, vaccination with Mt3 induced T cells that secreted relatively small amounts of IL-10 upon stimulation with Mt3 and small amounts of IFN-␥ upon stimulation with HSP65 or HSP60.
To establish a link between the immune response to Hu3 and the inhibition of AA, rats were vaccinated with Hu3, or with Mt3 (Table III) or Hu12 (Table I) as controls. Each rat received a single i.p. dose of 100 g of peptide in IFA 7 days (day Ϫ7) before the induction of AA (day 0). Fig. 4A shows that although all the Hu3-vaccinated rats manifested signs of AA, the severity of the disease was significantly decreased compared with nonimmunized rats or rats that had been vaccinated with PBS, Hu12, or Mt3. This reduction in AA was also reflected by a significant reduction in ankle swelling ( p ϭ 0.02 compared with PBS-vaccinated rats; Fig. 4B ). Immunization with Hu3 had no effect on the induction of experimental autoimmune encephalomyelitis (EAE) (18) in control groups of rats: the EAE maximal score Ϯ SD was 2.4 Ϯ 0.2 in nontreated rats, compared with 2.4 Ϯ 0.3 in Hu3-vaccinated rats ( p Ͼ 0.05). Therefore, vaccination with Hu3 could specifically inhibit AA.
Adoptive transfer of peptide-induced regulation
To learn whether the inhibition of AA triggered by Hu3 vaccination could be adoptively transferred by activated T cells, we prepared splenocytes from rats that had been vaccinated 7 days earlier with Hu3. Control splenocytes were taken from Mt3-vaccinated rats. The T cells were stimulated in vitro for 2 days with the T cell mitogen Con A, washed, and injected i.v. into naive rats (5 ϫ 10 7 cells per rat). Three days later, AA was induced and arthritis was scored. Although all the rats developed AA, the recipients of cells taken from the Hu3-vaccinated group developed a significantly milder disease (Fig. 5, A and B) . Adoptive transfer of these T cells had no effect on the induction of EAE (18) in control groups of rats: the EAE maximal score Ϯ SD was 2 Ϯ 0.7 in nontreated rats, compared with 1.9 Ϯ 0.8 in Hu3-vaccinated rats ( p Ͼ 0.05). No protection was seen in rats that had received Con A-activated cells from Mt3-vaccinated rats. Thus, vaccination with Hu3 induced T cells that specifically protected rats from AA.
To learn whether the induction of AA might affect the adoptive transfer of protection, we vaccinated rats with Hu3 or Mt3, induced AA 3 days later, and obtained splenocytes for adoptive transfer 26 days after the induction of AA. The splenocytes were activated in vitro with Con A and transferred into naive rats, and the rats were challenged 3 days later with Mt and followed for the development of AA. Fig. 5 , C and D, shows that the degree of protection achieved after AA induction in the donors was even stronger than that observed by donors without the induction of AA (compare Fig. 5, A and B, with C and D) . Thus, inhibition of AA by vaccination with Hu3 could be adoptively transferred by activated T cells, and the regulatory T cell population appeared to be enhanced by the induction of AA. 
Immune responses of rats protected from AA by pI or pII vaccination
To study the immune responses associated with the inhibition of AA by DNA vaccination with pI or pII, we analyzed the T cell responses of immunized rats 26 days after the induction of AA. We stimulated the LNC in vitro with a collective of mycobacterial Ags known to be associated with AA: HSP65, PPD, and Mt176 -190. The Mt176 -190 peptide contains the 180 -188 epitope of HSP65 described by van Eden et al. (2) which is recognized by HSP65-specific T cell clones that can transfer AA. We also studied the immune response directed to mammalian HSP60, HSP60-peptide Hu3, and control HSP60-peptide Hu12. OVA was included as a control Ag. None of the experimental groups showed significant responses to OVA or to Hu12, and they did not differ in their responses to Con A (data not shown). Nevertheless, inhibition of AA by DNA vaccination with the pI or pII constructs was associated with the up-regulation of the T cell proliferative responses to the panel of mycobacterial Ags (PPD, HSP65, and Mt176 -190; Fig. 6A ). Fig. 6B depicts the proliferative responses to HSP60 and its Hu3 peptide. It can be seen that both pI and pII vaccination induced significant T cell responses to HSP60, however, only LNC from pI-vaccinated rats manifested reactivity to Hu3.
Our previous findings indicated that prevention of AA by whole HSP60 DNA vaccination was associated with a Th2/3-like shift in the cytokine responses induced by the mycobacterial Ags PPD, HSP65, and Mt176 -190 (15) . Therefore, we studied cytokine secretion by LNC taken from rats that had been vaccinated with pI, pII, or pcDNA3. Inhibition of AA by DNA vaccination with pI was associated with a decrease in IFN-␥ secretion (Fig. 7A) , and an increase in IL-10 and TGF␤1 secretion upon stimulation with PPD, HSP65, or Mt176 -190 (Fig. 7, B and C) .
LNC from pII-vaccinated rats also showed a decrease in IFN-␥ secretion upon stimulation with PPD, HSP65, or Mt176 -190 (Fig.  7A) ; however, IL-10 secretion was only detected after activation with HSP65 while TGF␤1 secretion was only detected following activation with Mt176 -190 or PPD (Fig. 7, B and C) . Note that cells from pI-or pII-vaccinated rats secreted detectable amounts of TGF␤1 upon activation with Mt3. Thus, protection from AA by DNA vaccination with pI or pII was associated with decreased IFN-␥ secretion and a concomitant increase in IL-10 and/or TGF␤1 secretion upon stimulation with the mycobacterial Ags PPD, HSP65, or (Fig. 7) .
In addition to the responses to mycobacterial Ags, we studied the effects of DNA vaccination with HSP60 fragments on the responses to HSP60 and Hu3. IFN-␥ was not secreted in response to HSP60 or Hu3 by the LNC of either the pI-or pII-vaccinated rats (Fig. 7A) . LNC taken from pI-vaccinated rats secreted both IL-10 and TGF␤1 in response to HSP60 or Hu3 (Fig. 7, B and C) . LNC taken from pII-vaccinated rats, in contrast, secreted TGF␤1 upon activation with HSP60, but IL-10 was not detected. Therefore, both pI or pII vaccination induced the secretion of TGF␤1 in response to HSP60. However, only pI appeared to trigger the secretion of IL-10.
Immune responses in Hu3-vaccinated rats
To compare the effects of peptide vaccination to DNA vaccination, we studied the T cell responses after induction of AA in rats that had been vaccinated with peptides Hu3, Hu12, or Mt3. All three peptides were immunogenic; significant and specific T cell responses could be detected in the immunized rats to each peptide (Fig. 8A) . However, only the LNC taken from Hu3-vaccinated rats 7 per rat) to naive rats. Three days later, AA was induced in the recipients and arthritis scores were assessed. Bars show the mean Ϯ SEM assessment of disease severity for each experimental group. Statistically significant differences (p Ͻ 0.05) were obtained at every determination from days 15 to 26 when Hu3-vaccinated rats were compared with PBS-or Mt3-vaccinated rats. B, Leg swelling measured on day 26 after AA induction. The results are presented as the mean Ϯ SEM of the difference between the values for hind limb diameter taken on days 0 and 26 for each experimental group. ‫,ء‬ p Ͻ 0.05. C, Time course of AA. Rats were vaccinated once (on day Ϫ7 relative to AA induction) with 100 g of Hu3 or Mt3 in 100 l of IFA and AA was induced on day 0. Splenocytes were collected on day 26 after induction of AA, activated for 48 h with Con A, and transferred iv (5 ϫ 10 7 per rat) to naive rats. Three days later, AA was induced in the recipients and arthritis scores were assessed. Bars show the mean Ϯ SEM assessment of disease severity for each experimental group. Statistically significant differences (p Ͻ 0.05) were obtained at every determination from days 16 to 27 when Hu3-vaccinated rats were compared with PBS-or Mt3-vaccinated rats. D, Leg swelling measured on day 26 after AA induction. The results are presented as the mean Ϯ SEM of the difference between the values for hind limb diameter taken on days 0 and 26 for each experimental group. ‫,ء‬ p Ͻ 0.01.
showed up-regulated T cell proliferative responses to the mycobacterial Ags PPD, HSP65, and Mt176 -190 (Fig. 8B) . Furthermore, vaccination with Hu3 led to the induction of a specific response to HSP60 (Fig. 8B) . None of the experimental groups showed significant responses to OVA, and they did not differ in their response to Con A (data not shown).
With regard to cytokine secretion, vaccination with Hu3 led to a reduction in IFN-␥ secretion (Fig. 9A) , and to a concomitant increase in the secretion of IL-10 ( Fig. 9B) and TGF␤1 (Fig. 9C) upon stimulation with PPD, HSP65, or Mt176 -190. Hu3-vaccination also led to the induction of T cells that secreted IFN-␥, IL-10, and TGF␤1 in response to Hu3. The response to whole HSP60 was predominantly TGF␤1. Thus, the effects of Hu3 vaccination were similar to those observed following DNA vaccination with whole pHSP60, or with the pI or pII fragments.
Discussion
In these studies, we mapped regions of HSP60 that can regulate AA following DNA vaccination with pHSP60. We found that DNA vaccination with HSP60 fragments pI (1-140) or pII (130 -260) inhibited AA (Fig. 1) . To detect regulatory epitopes within the 1-260 region of HSP60, we studied the T cell responses of pHSP60-vaccinated rats against a panel of overlapping HSP60 peptides and detected reactivity to Hu3 (Fig. 2) . Vaccination with Hu3 or pHSP60 induced low but significant T cell responses to Hu3, HSP60, and HSP65 (Fig. 3 and data not shown) . Similarly, van Tienhoven et al. (19) reported that weak T cell proliferative responses could be detected following vaccination with a plasmid encoding the immunogenic 180 -188 T cell epitope of HSP65. However, the T cell responses could be amplified by the Mt immunization used to induce AA (Figs. 8 and 9 and Ref. 15) . For this reason, we studied the effect of vaccination on immune responses on day 26 after the induction of AA. Hu3-vaccinated rats were protected from AA (Fig. 4) ; protection could be adoptively transferred with Con A-activated splenic T cells (Fig. 5, A and B) , but it was more effective when the cells were taken after Hu3-vaccinated rats had been challenged with Mt (Fig. 5, C and D) . These results suggest that the induction of AA enhanced the expansion and/or activation of the regulatory cells induced by vaccination with Hu3. Indeed, AA itself is known to induce regulatory cells. Rats recovered from AA acquire resistance to further attempts to induce the disease (1) .
We now report that modulation of AA by treatment with pI or Hu3 was associated with three observations: 1) a decrease in the secretion of IFN-␥ (Figs. 7A and 9A ) and a concomitant increase in IL-10 and TGF␤1 secretion (Figs. 7, B and C, and 9 , B and C) upon stimulation with mycobacterial Ags; 2) the induction of IL-10 and TGF␤1 secretion in response to HSP60 or Hu3 (Figs. 7 , B and C, and 9, B and C); and 3) the induction of IFN-␥ in response to HSP60 or Hu3.
IFN-␥ secreted by effector T cells has been implicated in the progression of AA (20) . Therefore, the cytokine shift to Th2/3 in response to the mycobacterial peptide epitope cross-reactive with cartilage (3), might reflect the control of T cell clones involved in the progression of AA. It is conceivable that the HSP60-specific T cells induced after vaccination with pI, pII, or Hu3 supported this cytokine shift by secreting IL-10 and TGF␤1. IL-10 and TGF␤1 are immunomodulatory cytokines capable of inhibiting experimental arthritis (21) (22) (23) . Indeed, T cells reactive with self-HSP60 have been previously shown to control AA (24) . Inflammation up-regulates HSP60 expression in lymphocytes (25) , macrophages (26) , and synovial cells (27, 28) . Moreover, Ag-specific T cells induced by DNA vaccination with constructs coding for joint Ags home to the joints (29) . Therefore, we propose that HSP60-specific T cells induced by vaccination with HSP60-derived vaccines are recruited to the inflamed joints, where they are stimulated to secrete IL-10 and TGF␤1 that finally control the pathogenic T cell clones that drive AA. However, the induction of IFN-␥ in response to Hu3 (Fig. 8) indicates that regulatory cells need not be exclusively Th2/3. Indeed, regulatory T cells in AA (24) , EAE (30) , and insulin-dependent diabetes mellitus (31) have been reported to secrete IFN-␥. The role of IFN-␥ secretion in the regulation of AA needs clarification.
Note that Hu3 is not the only regulatory epitope involved in the control of AA, and the induction of an Hu3-specific T cell response is probably not the only regulatory mechanism triggered by DNA vaccination with HSP60. In fact, we have shown here that pII (which does not contain the Hu3 region) could also confer protection against AA (Fig. 1) . Moreover, Abs directed against peptide 61-80 from HSP60 can also inhibit AA (32); and several regulatory epitopes of HSP60 cross-reactive with mycobacterial HSP65 have been described. Paul et al. (24) described HSP65 peptide epitope 256 -270, which corresponds to 283-297 in reference to HSP60. Moudgil et al. (9) reported HSP65 peptide epitopes 417-431, 441-455, 465-479, 513-527, and 521-535, which correspond to 441-458, 469 -483, 493-507, 541-555, and 549 -563 in reference to HSP60. These epitopes are probably not relevant to the inhibition of AA triggered by pHSP60 vaccination, because the DNA fragments of HSP60 that contain these epitopes (pIII, and pIV and pV) did not inhibit the disease (Fig. 1) . So we can conclude that the induction of a T cell response against Hu3 is only one of several mechanisms that can lead to protection against AA following vaccination with pHSP60.
Vaccination with pII (aa 130 -260) also inhibited AA and induced HSP60-specific T cell responses, but we could not detect significant T cell responses specific for any peptide in the 130 -260 region of HSP60, neither in pHSP60 nor in pII-vaccinated rats (Fig. 2C and data not shown) . Thus, protection from AA triggered by vaccination with pII might involve the recognition of an epitope that was not represented in our peptide library (perhaps such epitope was split between two consecutive peptides), was below the detection level of the technique used in our assay, or simply FIGURE 8. T cell responses after peptide vaccination. Lewis rats were vaccinated with Hu3, Mt3, Hu12, or PBS as described in Fig. 3 and AA was induced. Twenty-six days later, LNC were collected, and the proliferative responses to (A) Mt3, Hu3, Hu12, (B) PPD, HSP65, Mt176 -190, and HSP60 were studied. The results are expressed as the mean Ϯ SEM SI of quadruplicate cultures. Three independent experiments produced similar results. ‫,ء‬ p Ͻ 0.005. involved a different mechanism. A pII-specific mechanism of protection is supported by the different patterns of cytokine secretion observed when LNC taken from pI-or pII-vaccinated rats were stimulated with mycobacterial HSP65 or HSP60 epitopes (Fig. 7) . Similar to what we observed in pI-vaccinated rats, LNC from pIIvaccinated rats showed a decrease in IFN-␥ secretion upon stimulation with PPD, HSP65, and Mt176 -190 (Fig. 7A) . However, IL-10 and TGF␤1 secretion by LNC from pII-vaccinated rats was restricted to activation with HSP65 or Mt176 -190 and PPD, respectively (Fig. 7, B and C) . Future studies are needed to elucidate the regulatory mechanisms triggered by pII vaccination.
The present findings may be relevant for human rheumatoid arthritis and juvenile chronic arthritis, where T cell responses to HSP60 and HSP65 have been described (33) (34) (35) (36) (37) . Human anti-HSP60 T cells secrete regulatory cytokines and their presence is associated with a milder disease in rheumatoid arthritis (36, 37) and in juvenile chronic arthritis (35, 38) . This suggests that reactivity to HSP60 is involved in the control of human arthritis as well as in rat AA. Boosting the HSP60-regulatory response might therefore constitute an approach to managing human arthritis. For that purpose, it would be desirable to use defined regulatory epitopes like Hu3, and not whole proteins that harbor multiple epitopes, some of which might trigger adverse immunopathological reactions. At present, a peptide derived from HSP60 is undergoing clinical trials for type I diabetes mellitus and preliminary results have been encouraging (39) . These observations highlight the importance of HSP60 reactivity, a form of regulatory autoimmunity, in the control of inflammation and body homeostasis (40, 41) .
